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1. SCOPE AND AIM OF THE STUDY 
 
Cognitive psychology created a useful viewpoint to comprehend psychiatric disorders. 
Among other conditions in the alcohol use disorder (AUD) it is also an important tool to 
understand the mechanism of dependencies and the underling brain networks. (Fein et al. 
1990; Bernardin et al. 2014; Bickel et al. 2017; Loheswaran et al. 2016; van Holst and Schilt 
2011). Discovering the neuronal foundation of this highly common disorder which causes 
significant social burden, promises the discovery of genetic etiology and could help to create 
proper pharmacological and psychological treatments (Marceau et al. 2017; Fein et al. 1990; 
Bernardin et al. 2014).  
Then again, identifying brain processes and related cognitive dysfunctions increase 
vulnerability for AUD may provide us the possibility to recognize at an earlier stage and also 
could be critical in creating better prevention programs too. (Belin et al. 2015; Park et al. 
2007). 
Inspired by the forgoing issues, this thesis was intended to investigate cognitive processes 
in AUD. Long ago it was well known that alcohol is a neurotoxic agent that influences 
numerous cognitive processes, and these impaired brain functions show a gradual 
improvement correlated with the abstinence period after alcohol cessation (Fein et al. 1990; 
Crews and Nixon 2009). Therefore, to exclude the direct toxic effect and allow a longer 
regeneration period in our research we have investigated patients after at least 6 months of 
abstinence focusing in particular on memory functions and mentalization processes.  
 
The main goals of this work were to investigate the following:  
 
I. To examine the associative learning functions in intermediate-term abstinent alcohol 
dependence patients 
II. To assess the social cognitive functions using tests to investigate complex emotional 
recognition in intermediate-term abstinent alcohol dependence patients 
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Examining the first aim we surveyed associative learning and found that while the 
patients demonstrated normal function in the basal ganglia-dependent acquisition phase, there 
was an impairment in the temporal lobe-dependent process during the transfer phase. 
Studying the second question we have found that the representation of mental states of others 
(“Theory of Mind” (ToM)) was saved in AUD.  
These results suggest that abstinent patients with AUD show marked dysfunctions in the 
generalization of association, which may indicate the dysfunction of the medial temporal lobe. 
On the other hand, neither the basal ganglia-dependent learning, nor the social cognitive 
functions demonstrated significant impairment after longer (intermediate-term) abstinence. 
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2. INTRODUCTION 
 
2.1. GENERAL INTRODUCTION 
 
Alcohol use disorder (AUD) is one of the most concerning problems of health related 
behaviour resulting in diverse mental and somatic consequences (neuropsychiatric disorders 
39%, traumatic injuries, hepatological disorders 9.6%, cancers 8.1% (Rehm et al. 2010; 
Lachenmeier et al. 2011). According to the WHO statistic data from 2012, 3.3 million deaths 
(meaning 5.9% of all global deaths) were related to alcohol misuse (WHO, 2014). In the USA 
6.2% of the adult population (i.e. 15.1 million adults) had AUD according to the National 
Survey on Drug Use and Health in 2015 (Substance Abuse and Mental Health Services 
Administration (SAMHSA) 2015)) and the resulting economic burden caused by alcohol 
misuse is huge (USA, 2010: $249.0 billion (Sacks et al. 2015.)). In Hungary the issue is even 
more grievous, and our statistical data shows massive problem in this area. According to the 
WHO survey the prevalence of alcohol use disorder was 17.7% (or alcohol dependence 9.4%) 
in 2010, which was more than double that of the USA’s statistics (USA: 7.4%, 4.7%), and 
was comparable to the Russian percentage (Russia: 17.4%, 9.3%, respectively) (WHO 2014). 
From the medical point of view, AUD is a complex mental disorder with many co-
morbidities and different aetiologies. Obviously the genetic background is an important 
factor. According to current estimates, the heritability of AUD is about 50% (Verhulst et al. 
2015). Other biological factors may overlap, such as nutrition (poor diet, and vitamin 
deficiency) which is a common problem among heavy drinkers (Butterworth 1995). The 
psychological theories describe some personality traits (e.g. impulsivity, risk taking 
behaviour) that predispose for AUD, and also emphasize the anxiolytic and relaxant effects of 
alcohol, suggesting that alcohol can be for many the mechanism to cope with everyday stress. 
From the perspective of behavioural psychology, alcohol has a huge ‘rewarding potential’ 
(probably through the mesolimbic dopamine reward system) and it creates a growing crave if 
missed. We should consider that alcohol dependence develops over a long period, so the 
duration of alcohol misuse also causes ever increasing impairment of brain function. The 
factors important in the initiation of alcohol use and misuse also emphasize many social and 
religious/spiritual components as well (Frings et al. 2018). Connected to the etiological 
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factors, the psychological impairment caused by the long term alcohol use, and the biological 
and psychosocial consequences of AUD make regeneration and rehabilitation even more 
complicated. These factors influence each other in such as complex many as to create a 
classical circular causality. It is clear for now that proper treatment needs a complex approach 
to break this vicious circle, so pharmacotherapy primarily for diminishing the neural circuits 
related to craving, or the treatment of co-morbidities forces us to the abyss of alcohol. 
Psychological techniques such as motivational interviews can enhance inner motivations 
toward any required change in behaviours.  Psychotherapies such as behavioural and 
cognitive therapies focus on the stimuli and schemas associated with relapse and craving. 
Family interventions examine and change system framework elements and dynamics within 
the family. Alcoholic Anonymous (AA) building on the 12 steps program or other 
professional and self-help groups can incorporate spiritual sources and use social support to 
the treatment process as well (Carrico et al. 2007).    
  Cognitive psychology represents an extremely useful approach for understanding 
clinical psychiatric conditions. Before all, the cognitive impairments can represent an 
endophenotype (intermediate phenotype) which connects clinical symptoms to basic 
biological (neural networks) or genetic findings (Gottesman and Gould 2003; Gould and 
Gottesman 2006). On the other hand, alcohol itself can change the functional connections of 
the brain and can cause direct neuronal damage resulting in cognitive dysfunctions. Even 
acute abuse of alcohol causes some reversible dose dependent mental disequilibrium 
(McKinney and Coyle 2004; Prat et al. 2008; Ling et al. 2010). Long-term alcohol use 
develops permanent damage, sometimes as extreme as Korsakoff syndrome or alcohol-
induced dementia (Martin et al. 1986). Although alcohol causes diffuse brain deterioration, 
some brain areas seem markedly sensitive for it, such as the limbic system (especially 
amygdala and hippocampus), diencephalon, prefrontal cortex and the cerebellum (Oscar-
Berman et al. 1997; Chanraud and Sullivan 2014). The damage of these brain areas 
necessarily develops functional impairments as well, which can be detected by employing 
cognitive psychological tasks. Fortunately, after discontinuation of alcohol abuse a gradual 
cognitive recovery can be seen.  
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2.2. COGNITIVE DYSFUNCTIONS IN PEOPLE SUFFERING ALCOHOL USE DISORDER 
 
The early conclusion of Fein et al. (1990) tried to synthetize the data in terms of the 
duration of abstinence. They distinguished three periods: (i) acute detoxification (up to 2 
weeks of abstinence), (ii) intermediate period (3 months of abstinence) and (iii) long-term 
abstinence (from 2 months to 5 years).  (At present the official terminology in the literature 
uses a slightly different division: short-term abstinence means less than 1 month, intermediate 
means 2-12 months, long-term abstinence means more than a year.) Alcohol acute 
intoxication has well-known deleterious impact on cognition even for non-alcoholic persons. 
For this reason, the neuropsychological assessment before detoxification is either unreal or 
unreasonable. During “the intermediate term abstinence” the average IQ test scores are mainly 
normalized, but for many patients the fluid intelligence skills are still impaired. In their 
summary many cognitive functions improved relatively early in areas such as attention and 
concentration, reaction time, verbal learning, abstract reasoning and verbal short-term 
memory, but others, especially abstract reasoning, visuospatial ability, short-term memory 
and mental flexibility remained affected even after long-term sobriety (Fein et al. 1990). In 
their research Andó et al. (2012) used a gambling test in an AUD patient with long-term 
abstinence, and found persisting decision making deficit. The slow rehabilitation process was 
further underscored by the fact that in certain studies even after several years of abstinence 
some cognitive impairments could be observed; as with the Fein et al. (2006) study (average 
abstinence time: 6.7 years) where spatial processing was still impaired or in the Brandt et al. 
(1983) report where new verbal associations learning was impaired for a long time after 
discontinuing alcohol usage. 
Despite the wide variety of psychological functions investigated in earlier studies, most 
of the papers subsequently focused on more specific neurocognitive impairments. Overall 
they highlight the executive function, memory impairment at the top of the list, but 
visuospatial functions are also repeatedly supported (Oscar-Berman and Marinkovic 2007; 
Fernández-Serrano et al. 2010; Bernardin et al. 2014; Le Berre et al. 2017). Here we would 
focus on the results related to the executive and memory functions.  
It should be remembered that the executive function is an umbrella term, and contains 
many cognitive processes that take part in the control and construction of behaviour. 
Cognitive flexibility, and on a higher level even problem-solving, decision making, and 
 10 
planning functions are discussed within this term. Some methods developed for investigating 
attention and working memory processes are also applied in executing function research; all 
serving to highlight the overlap within the terminology used (Pitel et al. 2014). 
Considering the whole spectrum of addictive disorders, Fernández-Serrano et al. (2010) 
found different patterns of impaired execution functions among different substance users, and 
identified that alcohol especially damages the decision making process and the verbal fluency 
function (verbal fluency is also considered as working memory or sematic memory task!). van 
Holst and Schilt (2011) also reviewed neuropsychological profiles of the substance use 
disorder (SUD). For alcohol dependent people (after a minimum 2 weeks of abstinence; 
average 32 weeks) the most prominent finding was the impairment in working memory and 
visuospatial functions, while opiate dependency was associated with severe verbal fluency 
impairment, and cocaine and (meth)amphetamines were correlated with poor cognitive 
planning and flexibility. 
The interaction of the executive, working memory system with the classical long-term 
memory systems is so logical that it raises the question as to whether the impairments in them 
exist separately at all. Bernardin et al. (2014) mention that memory dysfunction manifested in 
AUD should be interrelated to executive functions findings, but there must be a genuine 
episodic memory deficit as well (the same finding in Pitel et al. 2007). In their summary 
(Bernardin et al. 2014) they state that a longer period of abstinence (several months) 
correlates directly to a greater brain recovery, and usually needs more than a year to manifest 
as normal in the overall cognitive profile. Some mild visuospatial impairments can still be 
evident even after several years of abstinence.   
It is important to remark that among young adults even low level but regular alcohol 
intake can decrease the executive functions (Hatchhard et al. 2015). 
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2.2.1. LEARNING AND MEMORY 
 
Beside other neurocognitive damage, deterioration of the long-term memory processes is 
one of the most consistently reported impairment in AUD.  It has been clear for a long time, 
that chronic alcohol use can cause severe impairment in the memory system and develop such 
disorders as alcohol related dementia or Korsakoff syndrome. For developing special, 
sophisticated therapies, earlier stage recognition is needed, and subtle impairments need to be 
detected.  
Contemporary research conducted on both humans and animals indicated that multiple 
interacting but dissociable memory systems exist in the brain. The basic distinction for long-
term memory refers to implicit (procedural) and explicit (declarative) (Zola-Morgan and 
Squire 1993; Gabrieli 1998; Ashby et al. 1998; Kéri 2003; Poldrack and Packard 2003).  
Explicit (“declarative or overt”) memory refers to conscious recollection of facts and 
events. It is further classified into semantic and episodic subdivisions. Semantic memory is 
identified as concept-based meaning and context independent categories. Episodic memory is 
related to specific personal experiences, so it is evidently context dependent, and even the 
source of the memory trace is included within it. On the other hand, the contents of implicit 
(“procedural or covert”) memory are inaccessible for conscious information processing. 
Learning lists of words or facename associations are classic examples for explicit memory, 
whereas gaining sensory-motor skills and stimulusresponse patterns (multi-step “tower-
type” tests, mirror drawing, and pursuit rotor tasks) are subjects of implicit memory. The 
medio-temporal (hippocampal) and diencephalic structures are candidate neuronal substrates 
for explicit memory. Implicit memory includes many diverse processes contained within 
different brain areas such as the sensory neocortex, basal ganglia, and cerebellum. Animal and 
human data supports the fact that the basal ganglia play a crucial role for gradual learning 
skills and habits (Schacter et al. 2000; Squire 2004) and in addictions it is responsible for the 
development of reward dependent drug-seeking habits (Koob and Volkow 2016). Beside the 
classical stimulus response associative learning, the basal ganglia are crucial in sequence 
learning and category learning as well (Yin and Knowlton 2006; Graybiel 2008). The 
interaction of the two systems is critical, so although the medial temporal lobe is not directly 
associated with stimulus–response learning, it has a major role in the generalization of 
previously learned information in a novel context (Manns and Eichenbaum 2006). 
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Because explicit memory is more perceived it is obvious that there is a larger body of 
work and research available in the investigation of this area in AUD. In case of semantic 
tasks, AUD patients have diminished capacity in being able to encode novel facts (Pitel et al. 
2014). Interestingly they have a tendency to use a higher level of compensatory strategies to 
solve simple tasks (Chanraud et al. 2013). Additionally, many studies highlighted a 
considerable slower learning processes and a specific vulnerability of the episodic memory 
subsystem, either in encoding or retrieval processes (Pitel et al. 2014; Németh et al. 2014). 
Alcoholic persons also show a kind of insight bias in overestimating their episodic memory 
performance (Le Berre et al. 2010). Recently Nandrino et al. (2016) found that even after 
longer periods of sobriety (min. 6 months) both the semantic and the episodic component of 
the autobiographical memory were impaired. This disruption was more severe in the memory 
related to the recent past, which may be due to the direct effect of alcohol on encoding and 
consolidation processes. In relation to the psychological data available, many imaging data 
sets support the concept of severe damage of the MTL and related areas in this population 
(Oscar-Berman and Marinkovic 2003; Beresford et al. 2006; Pitel et al. 2014; Pfefferbaum et 
al. 2009; Schulte et al 2010). 
In case of implicit learning processes early studies used paradigms from social 
psychology which focus on the expectancies and attitudes (e.g. Implicit Association Test, or 
Extrinsic Affective Simon Task) (Reich et al. 2010). Others emphasize implicit associations 
causing priming effect (Roehrich and Goldman 1995; Weingardt et al. 1996; Ames and Stacy 
1998) which may be important in craving. Both approaches tried to investigate the distortion 
or the specialties rather than the extent of the impairment of implicit processes in AUD 
(Wiers et al. 2002).  
Implicit perceptual learning (visuoperceptual priming) was also investigated but it was 
found that the posterior cerebral areas were relatively intact even in Korsakoff syndrome 
patients (Fama et al. 2006, Oudman et al. 2011).  
Duka et al. (2001) applied a world pairs test and a stem completion part which contains 
an implicit and explicit element. They found that after acute alcohol administration the 
participant had dose-dependent difficulties to complete the explicit part correctly; while no 
impairment was detected in the implicit part.   
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However, there are limited results available to special BG related test functions in human 
studies, although according to animal studies this cortico-basal ganglia-cortical loop plays a 
pivotal role in reward and reinforced learning and Pavlovian conditioning are crucial in the 
development of dependency (Koob and Volkow 2016; Lovinger and Alvarez 2017). 
An interesting study investigated the implicit sequence learning and the PFC functions 
(Virág et al. 2015). They used the alternating serial reaction time task, the so called “catch the 
dog” test for measuring implicit learning processes, and different working memory tests such 
as the digit span, listening span, counting span, and the letter fluency tasks.  The value of this 
study is that they move forward from the acute effects of alcohol and choose a patient 
population who had been sober for at least 3 weeks. Their results showed intact implicit 
functions, but impaired PFC dependent working memory processes.    
However, even long after this study there have been no published work that specifically 
investigated BG and MTL dependent learning within the same task in AUD. This is important 
because basic differences among the tests for implicit and explicit memory systems could 
result questionable findings. For this reason, we had chosen a single test, the so called 
acquired equivalence learning test (RAELT: Rutgers Acquired Equivalence Learning Test) to 
investigate the possible memory impairment in AUD. The RAELT (Myers et al. 2003) offers 
an exclusive chance to compare BG and MTL dependent learning within one task. The 
paradigm used in this test is based on a large body of evidence from animal and clinical 
research, postulating that plain stimulus response learning and the generalization of it are 
based on the mutual BG and the MTL functions (Mishkin et al. 1984; Packard and Knowlton 
2002; Myers et al. 2002, 2003; Kéri 2003). In the first phase (acquisition phase, training 
phase) participants learn stimulus–response associations (faces–fishes), which are related to 
BG functions. In the second, also called transfer phase, we investigate how they can 
generalize the acquired learning pattern, which requires the use of MTL related processes 
(Mishkin et al. 1984; Packard and Knowlton 2002; Myers et al. 2002, 2003; Kéri 2003). 
The utility of this test is supported by the double dissociation paradigm and imaging data 
(Moustafa et al. 2010: Table 1 is an extended version of the original table in Moustafa et al. 
2010 with permission). The primarily basal ganglia affected Parkinson’s disease patients 
showed weaker stimulus and stimulus associative learning, but they could solve the transfer 
phase of this test (Myers et al. 2003). In contrast, patients with early stage hippocampal 
impairment, such as patients with Alzheimer’s disease or with schizophrenia, demonstrated 
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proper learning in the associative learning phase, but severe impairment in generalization and 
acquired equivalence (Myers et al. 2003; Kéri et al. 2005; Bódi et al. 2009). Imaging studies 
using the corresponding acquired equivalence task setting found favourable response to the 
substantia nigra (VTA) activation related to the reward guided learning situation, and the 
hippocampal region activation in the generalization phase, although they emphasize that 
generalization starts within the encoding period (not only in the retrieval process) causing a 
coupled change during acquisition phase activity in the hippocampus and midbrain (Shohamy 
and Wagner 2008; Berens and Bird 2017).  
Increased performance in generalization process was also found in PTSD patients with 
re-experiencing symptoms. This result pre-supposes that the hyper-generalization process of 
the hippocampus is not related merely to traumatic memories and situations in PTSD (Kostek 
et al. 2014; Levy-Gigi et al. 2015). 
 
Table 1. Rutgers Acquired Equivalence Learning Test impairments in different 
neuropsychiatric disorders 
Disorder 
 
Article Acquisition  Transfer 
Parkinson’s disease (medicated)  
 
Myers et al. 2003 ↓ - 
ACoA aneurysm (Basal forebrain 
amnesia)  
 
Myers et al. 2008 ↓ - 
Schizophrenia  
 
Kéri et al. 2005 - ↓ 
Hippocampal atrophy /Hypoxic/ 
mild Alzheimer’s  
Bódi et al. 2009 
Myers et al. 2003, 2008 
- ↓ 
PTSD  Khalil et al. 2015 
Levy-Gigi et al. 2015 
- ↑ 
Cocaine 
 
Vadhan et al. 2008 ↓ - 
Opiate 
 
Myers et al. 2017  ↓ - 
(Extended version of the original table in Moustafa et al. 2010 with permission) 
 
Vadhan et al. (2008) investigated 22 active cocaine users (min. 2 days/week; majority 
polydrug user: 17 of them also reported current alcohol use and 7 of them current marijuana 
use). Employing the same task (RAELT), in the late stage of the acquisition phase cocaine 
users committed significantly more errors, but there was no impairment during the transfer 
phase, so generalization was intact. This finding resembles the pattern of impairment detected 
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in Parkinson’s disease (although at a moderate level), and could be rationalized by the fact 
that cocaine can modulate the dopamine interconnections between the BG subregions.  
Recently the updated variant of the acquired equivalence task was applied in opiate- 
dependent patients (Myers et al. 2017). This version of the study was designed to discriminate 
between the reward-based and the punishment-based training processes. Thirty-three opioid-
dependent patients participating in methadone maintenance treatment were also recruited. Past 
and present secondary drug use was not an exclusion criterion (many of them also reported 
cigarette use, mild alcohol use (2 of them heavy alcohol use), and marijuana use). A number 
of them also reported past use of illicit psychostimulants. As in the case of cocaine addicted 
patients during the transfer phase they did not display impaired performance. Nevertheless, 
the training phase performance was divided. There was no difference on reward-based 
learning, while on punishment-based learning situations, especially during the final stage they 
demonstrated a much slower learning capacity. In respect to our own research we should 
emphasize that this study found a BG related memory dysfunction with opiate-dependent 
patients (Table 1). 
 
2.2.2. SOCIAL COGNITION 
 
“Theory of Mind” (ToM) refers to a possibly unique human ability to attribute beliefs, 
intentions, and feelings to other persons (Frith and Frith 1999). There are several synonyms 
for ToM in the scientific literature such as “mentalizing” (Frith et al. 1991), “mind reading”, 
and “social intelligence” (Baron-Cohen et al. 2001). Recent research has demonstrated that 
ToM can be dissociated from other cognitive functions and is related to a relatively 
specialized social cognitive network in the brain, including the medial prefrontal and 
cingulate cortex, posterior superior temporal cortex, and temporal pole (Gallagher and Frith 
2003; Fine et al. 2001; Rajkumar et. al. 2008).  Perhaps not surprisingly some other findings 
emphasize the interaction between ToM functions and the executive functions (Bull et al. 
2008), or even the explicit memory systems (Nandrino et al 2014). The contradictory finding 
corroborates the need of standard methodology. There are many types of tasks measuring 
ToM. Some of them include interactive games: like stone-paper-scissor game which should 
activate supreme ToM processes. Others use verbal stories that require the attribution of 
mental states of protagonists: faux pas task, or stories including irony, and metaphors are 
common examples thereof. Comic-strips of short stories with characters who have different 
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beliefs are especially convenient for children who perhaps have not developed reading skills. 
Most of these tests operate with, and require the ability to decode contextual information. 
These kind of processes are described as ToM Reasoning functions, and also referred to as 
cognitive or “cold” ToM.  
 Finally, mental states can be read from faces and eyes expressions. The Reading the 
Mind in the Eyes’ Test (RMET) use fragments of facial expressions of mental states (not 
mere basic emotions but complex mental status as well) just the part of the face around the 
eyes. Here obviously the subjects need to recognize the complex mental state from the picture 
but this test latently supposes proper use of the semantical knowledge of these mental states. 
This is an automatic, unconscious evaluation without any major learning tendencies. 
Apparently this test focuses on the relevant mental state (e.g. sarcastic, fearful), and excludes 
environmental information (Baron-Cohen et al. 2001), which makes this test more 
independent from contextual factors. These kind of tests require an affective or “hot” 
mentalizing process. It should be taken into consideration that this test contains pictures of 
Caucasian population, so cultural independency could be questioned, but in our region and 
our sample, this possible complication was not an issue. 
It is assumed that the neural base of ToM consists a complex brain network within the 
prefrontal (PFC) and the temporal cortical connections are also essential (Gallagher and Frith 
2003; Uekermann and Daum 2008; Molenberghs et al. 2016). Although there is a huge 
overlapping brain network necessary for any kind of ToM test (Molenberghs et al. 2016), the 
dlPFC related processes are crucial, especially for the cognitive/”cold” type of ToM (Shamay-
Tsoory and Aharon-Peretz 2007; Shamay-Tsoory et al. 2009; Poletti et al. 2012). The 
affective/“hot” ToM is rather connected to the orbitofrontal and the vmPFC regions (Shamay-
Tsoory and Aharon-Peretz 2007; Shamay-Tsoory et al. 2009; Poletti et al. 2012). If we 
specifically focus on the RMET test, brain imaging studies affirm the importance of the 
posterior superior temporal sulcus (pSTS) and the inferior frontal gyrus (Baron-Cohen et al. 
1999; Overgaauw 2015; Yang 2015). 
Our choice to use the RMET test is based on the feasibility and the contextual free design 
of this. Also an important factor was that this task is widely used in the psychiatric literature 
for measuring ToM deficits.     
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Because psychiatric conditions severely influence social functions and integration, the 
investigations of the ToM processes occupy a central position in the last few decades of 
psychiatric research.   
Patients with schizophrenia demonstrate wider areas of social cognitive impairments, 
including perception of basic emotions and social cues, as well as severe dysfunctions in 
everyday social skills (Penn et al. 1997). Results obtained with ToM tests have consistently 
been shown to be impaired in patients with schizophrenia (Mondragón-Maya et al 2017; 
Healey et al. 2016), and also in some neurodevelopmental disorders starting in childhood like 
autism-spectrum disorders, or in attention deficit hyperactivity disorder (Baron-Cohen et al. 
2001; Korkmaz 2011; Pelphrey et al. 2011; Bora and Pantelis 2016a).  Additionally, a 
growing body of literature confers the social cognitive functions in mood disorders (Samamé 
et al. 2012; Bora and Berk 2016; Bora et al. 2016; Bora and Pantelis 2016b). In recent reviews 
it is summarised that significant but modest degree of ToM dysfunction is evident in remitted 
and subsyndromal bipolar disorder, which is less severe than in schizophrenia (Bora and 
Pantelis 2016b). However, the difference is moderate and there is a remarkable overlap 
between the two groups. In unipolar depression the facial emotion recognition test has been 
used for a long time, and it was found that there is a mild loss in recognition of basic emotions 
(Dalili et al. 2015). At more complex levels modest impairment was detected in ToM 
functions and this was correlated with the severity of the symptoms of the mood disorder 
(Bora and Berk 2016).  
There is an increasing literature supporting the fact that social cognition impairment is 
present in patients with different SUD (Peters et al. 2008; Sanvicente-Vieira et al. 2017a, 
2017b). 
As a precondition of social functions some investigations focus on the recognition of the 
basic emotions. A recent review of a selected 26 studies surmises that only a tendency toward 
an impairment in AUD can be detected. However, specific emphasis was placed upon the 
recognition of disgust and sadness (Donadon and Osório 2014).  In the cases where the 
response latency was measured, they found a slower emotion recognition in AUD. The 
summary concludes that the data are controversial, as sample taking was not even and 
heterogeneity of the studies is very limited (57.7% of them was done in Belgium). From a 
methodical standpoint very few studies use proper clinical interviews to rule out other 
comorbid conditions, and the abstinent period was relatively short (most of the participants 
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were inpatients (80.8%), and the average abstinent period was 3 weeks (1-8 weeks)). A few 
studies have investigated the effect of abstinence on emotion recognitions and have found that 
patients with a midterm (2-3 months) abstinence could evaluate the intensity of the emotion 
more correctly (Kornreich et al. 2001; Foisy et al. 2007). However, impairment in recognition 
accuracy, especially for anger and disgust, was still detectable. It is interesting that recently 
detoxified patients even have a tendency to overestimate the intensity of some basic emotions. 
Compared to other SUD patients, especially patients with opiate dependence (Kornreich 
et al. 2003) it was found that emotion recognition deficit was more severe in patients with 
alcoholism.  
Bora and Zorlu (2017) in their meta-analysis evaluated the studies dealing with both the 
basic facial emotion recognition and the higher level ToM functions. They confirmed the 
findings of Donadon and Osório (2014) regarding facial recognition impairment in AUD, but 
they calculated a more notable effect in case of disgust (effect size: d=0.62) and anger 
(d=0.47).  In relation to ToM functions they included in their research both types of studies 
which employ either ToM decoding (RMET) or ToM reasoning (such as faux pas) tests. Their 
results show that ToM is significantly compromised in AUD (d=0.58). They also emphasize 
that longer duration of alcohol consumption and more severe depressive symptoms correlate 
with poorer performance.  
Earlier, Onuoha et al. (2016) in a meta-analysis (first in the field) focused specifically on 
the ToM functions in AUD. As in the paper of Bora and Zorlu (2017), the great majority of 
the available articles used the RMET test, suggesting RMET as a sensitive tool for research 
purposes in this area, and also recommended the usage of it in AUD. Their conclusion was 
that lower mentalization performance is noticeable (with large effect size: Hedges' g was -
1.62 [(-2.28, -0.96), SE = 0.66, P < 0.01]) in AUD.  
It has been proposed that facial emotion in decoding problems could be present before the 
development of addiction (Hill et al. 2007; Kopera et al. 2014; Hulvershorn et al. 2013) and 
chronic alcohol consumption may have an additional detrimental effect on the decoding of 
social signals. If the mentalization process is impaired even before the manifestation of AUD, 
it could be a trait marker or even a risk factor, causing disturbed interpersonal relationships 
leading to social embarrassment, and alcohol use could be considered as a kind of “self-help 
treatment strategy” to decrease this frustration.  This hypothesis is supported by the data that 
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other SUD disorders and even addictive behaviours such as gambling are associated with 
social cognitive impairment (Kornreich et al. 2003; Peters et al. 2008; Sanvicente-Vieira et al. 
2017a, 2017b; Kornreich et al. 2016). 
Even if the deterioration is a consequence of the substance use, the clinical significance 
of it is huge because the altered social cognitive functions may contribute to the community 
adaptation failure of many patients, aggravating the patientphysician communication and 
subsequent social rehabilitation as well.  
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3. QUESTIONS ADDRESSED BY THE THESIS 
 
The thesis addressed the following research questions: 
 
1. Is the basal ganglia-dependent learning process affected in AUD after longer periods of 
(intermediate-term) abstinence? (Experiment 1; paper I) 
 
2. Is medial temporal lobe-dependent learning impaired after a longer period of abstinence? 
(Experiment 1; paper I) 
 
3. Is there a correlation between explicit and implicit memory systems?   (Experiment 1; 
paper I) 
 
4. Is there a ToM deficit in AUD after a longer period of abstinence? (Experiment 2; paper 
II) 
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 4. SUBJECTS AND METHODS 
  
From an ethical perspective all participants received sufficient information concerning 
the procedure prior to the commencement of the study, and all signed a formal written 
consent. The patient groups were recruited from the local Alcoholic Anonymous (AA) 
service. They did not belong to our department so cooperation was absolutely voluntary, and 
anyone could quit the participation any time (without any possible constraint). Before any 
further assessment the exclusion and inclusion criteria were examined by trained 
professionals specialized in psychiatry.  
We had the permission of the local Ethics Committee in each study. 
 
 
4.1 SUBJECTS 
 
The patient group consisted of 20 subjects in Experiment 1 (Associative Learning: Fish) 
and 30 subjects in Experiment 2 (ToM: RMET) with DSM-IV alcohol dependence (American 
Psychiatric Association 1994) participating in Alcoholic Anonymous (AA) groups. In the first 
place the inclusion criteria included abstinence for more than 6 months (average: 9.8 months, 
SD = 3.1) to investigate the regeneration of neural functions. We also used the revised version 
of the Wechsler Intelligence Scale to assess the general cognitive functions (Wechsler 1981). 
Exclusion criteria contained any neuropsychiatric disorder besides AUD and was assessed 
with the MINI International Neuropsychiatric Interview Plus (Sheehan et al. 1998; Balázs and 
Bitter 2000). Individuals with concurrent DSM-IV Axis I disorders, history of brain injury, 
neurological disorders, drug abuse and dependence, and delirium were ineligible to participate 
in the study. The patients did not receive any psychotropic drugs. To exclude unexplored 
depression symptoms that may have influenced cognitive functions we used a limit score of 
<10 on the Beck Depression Inventory (BDI) (Beck 1987). None of the patients showed any 
sign of alcohol intoxication and relapse. Patients were evaluated with the Addiction Severity 
Index (ASI) semi-structured interview (McLellan et al. 1980). General psychosocial functions 
were assessed with the Global Assessment of Functioning (GAF) scale (American Psychiatric 
Association 1994).  
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The control persons were volunteers matched for number, age, education, and 
intelligence quotient (IQ), BDI and GAF scores. The control volunteers were also screened 
with the MINI International Neuropsychiatric Interview Plus (Sheehan et al. 1998; Balázs and 
Bitter 2000) in order to exclude Axis I mental disorders and drug abuse/dependence. They 
were social drinkers and scored zero on the CAGE questionnaire (Ewing 1984). After being 
given a description of the study, participants were asked to give their consent. All subjects 
gave their informed consent. (Table 2. describes the characteristics of the participants.) 
 
 Table 2. Demographic and illness-related characteristics of the participants   
 
 ALC Fish 
(n = 20)  
ALC Eyes 
(n=30) 
HC 20/30 
Age (years)  37.2 (11.5)  37.6 (11.7) 36.3 (10.1) 
Gender : Male/Female  M: 18/F :12   
Education (years)  12.2 (3.3)  12.1 (3.2) 11.4 (3.8) 
Wechsler Adult Intelligence Scale  109.2 
(10.8)  
108.5 (10.9 112.7 (14.2) 
GAF  71.2 (14.8)  71.1 (14.6) 74.4 (10.7) 
BDI  7.8 (2.3)   7.4 (2.1) 
ASI severity profile: personal health: medical 2.8 (1.4) 0.11 (0.24) 0 
ASI severity profile: personal health: psychiatric 1.1 (0.5)  0.12 (0.30)  
ASI severity profile: social functioning: employment 3.4 (1.2)  0.42 (0.53)  
ASI severity profile: social functioning: family/social 3.2 (1.4)  0.09 (0.15)  
ASI severity profile: social functioning: legal  1.2 (0.4)  0.10 (0.12)  
Alcohol-related characteristic of addicted population (from ASI) 
 
Age started drinking – alcohol any use at all  15.3 (3.7)   
Age at first heavy use – alcohol to intoxication  23.4 (4.1)   
Hospitalized due to alcohol withdrawal  4.2 (3.1)   
Ambulate alcohol detoxification  4.2 (3.9)   
Duration of abstinence (month)  9.8 (3.1)   
ASI severity profile: alcohol use (at present)  0.0 (0.0)   
ASI severity profile: substance use (at present)  0.0 (0.0)   
Duration of illness (years)   6.2 (4.5)  
Data-sets are shown as mean (SD). ASI, Addiction Severity index composite scores, past 30-day data 
before the onset of abstinence period; Student’s t-tests revealed no significant differences for these 
measures (P > 0.2). 
Patients and controls did not differ in paired measures (P > 0.1, t tests). 
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4.2. PROCEDURES 
 
4.2.1. EXPERIMENT 1: INVESTIGATING THE ASSOCIATIVE LEARNING PROCESS  
 
The acquired equivalence associative learning task 
Stimuli were presented and responses were gathered, using a Macintosh Power-Book 
laptop. The antecedent stimuli were four illustrations of faces (man, woman, girl and boy). 
The boy and woman had blond hair while the girl and man had dark hair. Thus, each stimulus 
had three possible pairs related to 1) age (adult vs. child), 2) gender (male vs. female) and 3) 
hair colour (blond vs. dark). The consequent images were cartoons of fishes coloured red, 
orange, pink and purple. Two fishes appeared under the faces, but the position (left-right) 
randomly varied in each trial. For each participant the different faces and the coloured fish 
were randomly designated to antecedent and consequent stimuli by the computer. The 
antecedents and consequents both were presented about 1-inch-tall on the screen. 
At the beginning of the experiment, the following directions were shown on the screen: 
‘Welcome to the experiment. You will see drawings of people who each have some pet fish. 
Different people have different kinds of fish. Your job is to learn which kind of fish each 
person has. At first, you will have to guess.’ On every trial, a face and two fish drawings 
appeared on the computer screen along with the prompt: ‘Which fish does this person have? 
Use the Left or Right key to choose.’ The participant should press one of two separate keys 
labelled as ‘LEFT’ and ‘RIGHT’ to mark whether the fish on the left or the fish on the right 
was associated with the face. The chosen fish drawing was encircled and confirming feedback 
was given (Figure 1). When an incorrect response was given a sharp, alert beep sounded 
(Figure 2). The left–right ordering of the fish drawings was randomized across subjects. 
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Figure 1. Example of an experimental trial. First, stimuli (illustration of a face plus two fishes) 
appeared on screen. Second, the participant responded, and if it was correct the chosen fish was 
encircled and confirming feedback was given. 
 
Figure 2.  Examples for incorrect responses: In case the participant gave the wrong answer, the 
chosen fish was encircled and an incorrect response was given with a sharp, alert beep sound. 
 
The acquisition phase included three stages (Table 3). Stage 1 is named shaping, in which 
two distinct faces (antecedents) were coupled to different fish (consequent). Stage 2 is the 
“equivalence training” step, in which two more faces were associated with a fish from the 
stage 1, while initial conjunctions randomly were reinforced. Stage 3 called ‘novel 
consequents”; the initial faces from stage 1 were associated with new fishes, while the 
associations from the previous stages were randomly reinforced. Stages 1 and 2 ended after 8 
consecutive correct responses, whereas stage 3 terminated after 12 consecutive correct 
responses. The participant was not warned at the beginning of a new stage. We used these 
many consecutive correct answers to make sure that the participant successfully gained the 
increasing number of associations from stage 1 to stage 3. 
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After completing the acquisition phase, a second instruction appeared on the screen. This 
information describes that in the following phase the participant will get identical stimuli but 
there will be no feedback (correct/ incorrect) given. Information about the appearance of new 
facefish associations is not mentioned. (“Good! In this part of the experiment, you will need 
to remember what you have learned so far.  You will NOT be shown the correct answers. At 
the end of the experiment, the computer will tell you how many you got right. Good luck!”)  
This is called the transfer phase, because the participant should transfer the previously 
acquired knowledge. This phase contained 48 trials. Thirty-six trials are old associations 
learnt during the acquisition phase, but 12 trials are new combinations for testing how s/he 
can use the learnt situations to solve the novel, untrained settings (in Table 3, only the trials 
with the new associations are denoted). This required that the participant can recall previously 
acquired associations and to generalize this knowledge to form new associations. Excluding 
feedback, participants cannot gain new associations via feedback guided learning, so they 
have to use the hidden pattern (similarity or equivalence among the combinations) to deal 
with the test.  
Table 3. The acquired equivalence associative learning task 
Acquisition Phase Transfer Phase: 
 
Equivalence testing 
Stage 1:  
Shaping 
Stage 2: 
Equivalence training 
Stage 3:  
New consequences 
A1—X1 A1—X1 A1—X1 A2—X2 ? 
 A2—X1 A2—X1  
  A1—X2  
B1—Y1 B1—Y1 B1—Y1 B2—Y2  ? 
 B2—Y1 B2—Y1  
  B1—Y2  
During stage 1, participants learn the first 2 associations between different persons (A, B) and fishes 
(X, Y). During stage 2, different persons (A2, B2) are associated with the previously seen fish 
(stimulus equivalence), whereas, during stage 3, new consequences (fish X2, Y2) are added. During 
the transfer phase, participants are tested on the associations learnt in stages 1–3 (not presented in the 
table) and also on new associations that are not learnt during stages 1–3, but are the consequences of 
stimulus equivalence (Myers et al. 2003). 
The dependent measures were the average number of errors in the acquisition phase and 
the proportion of incorrect responses in the transfer phase (for methodological details, see 
Myers et al. 2003). 
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4.2.2 EXPERIMENT 2: INVESTIGATING THE “THEORY OF MIND” FUNCTION 
 
Eyes Test 
Each participant received the revised version of the Eyes Test in a quiet room. The 
examiner presented 29 photographs of the eye-region of faces of actors and actresses (Figure 
3). Each stimulus was presented on separate cards. Participants were asked to choose which of 
the four words (one target and three foils) best described the complex mental state of the 
actor/actress (for example: surprised – joking – sure about something – happy). The four 
words were depicted on the cards, and the participant read aloud the chosen word. The 
examiner signed the response on a separate sheet of paper. Each participant was asked to 
judge the gender of the person shown on the photograph as well. This gender recognition part 
is used as a control, and normally a ceiling effect can be found (Baron-Cohen et al. 2001). 
Before the test, subjects were asked to read through a glossary from a separate paper, which 
contained the meaning of the words describing each mental state. If necessary, participants 
were allowed to use this glossary paper during the test. The dependent measure was the 
number of correctly identified mental states from the 29 photographs (for a detailed 
description, see Baron-Cohen et al. 2001). 
 
 Figure 3. An example for stimuli presented during the Baron-Cohen’s Eyes Test 
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5. RESULTS  
 
5.1. EXPERIMENT 1: ASSOCIATIVE LEARNING IN ALCOHOL USE DISORDER  
 
Both phases of the task were completed by all the patients. Regarding the acquisition 
phase there was no significant difference between patients and controls regarding the mean 
number of errors (controls: 8.9, SD = 2.3; patients: 10.1, SD = 2.6; t (38) = 1.51, P = 0.14), 
and the total number of acquisition trials (controls: 35.6, SD = 14.0; patients: 40.2, SD = 16.7, 
t (38) = 0.94, P = 0.35). 
Analysis of variance on the proportion of incorrect responses in the transfer phase with 
the whole group (patients vs. controls) as the between-subjects variable and association type 
(old vs. new) as the within-subjects variable was calculated. There were significant main 
effects in the group (F (1,38) = 27.49, P < 0.001, η2 = 0.42) and association type (F (1,38) = 
37.01, P < 0.001, η2 = 0.49). The interaction between group and association type was also 
significant (F (1,38) = 29.65, P < 0.001, η2 = 0.44).  Scheffé’s post hoc tests expressed that 
patients had a selective impairment in the case of new associations (P < 0.001) but not in the 
case of old associations (P = 0.9) (Figure 4). 
In addition, we evaluated Pearson’s product moment correlation coefficients between test 
performance (mean errors from the acquisition phase, proportion of incorrect responses for 
old and new associations in the transfer phase), IQ and BDI scores. Either analysing patient’s 
and control’s group together or separately the calculations display no significant results (−0.2 
< r < 0.02, P > 0.1). 
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Figure 4. Mean performance in the transfer phase in abstinent patients with alcohol 
dependence and healthy controls. Error bars indicate standard error of the mean. *P < 0.001, 
Scheffé’s test (old vs. new associations in patients). 
 
 
 
5.2 EXPERIMENT 2: “THEORY OF MIND” IN ALCOHOL USE DISORDER 
  
Patients with alcoholism and healthy control subjects displayed nearly identical 
performances on the Eyes Test. The mean value of the correct answers was 22.4/29 (SD: 3.4) 
for AUD patients, and 22.5/29 (SD: 2.9) for controls. Student’s t-tests revealed no significant 
differences between the two groups (t (58) = 0.19, P = 0.85). Table 4 shows the percentage of 
patients and controls who chose the correct mental state for each stimulus. Chi-square tests 
indicated that the distribution of patients and controls who chose the correct target word or 
one of the foils did not differ significantly (P > 0.2). 
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Table 4. Number (percentage) of patients (AUD) and healthy control participants (HC) who chose the 
correct target description of mental states 
Mental State AUD HC 
Playful 10 (33%) 12 (40%) 
Upset 16 (53%) 15 (50%) 
Desire 22 (73%) 21 (70%) 
Insisting 24 (80%) 25 (83%) 
Worried 28 (93%) 27 (90%) 
Fantasizing 21 (70%) 25 (83%) 
Uneasy 25 (83%) 24 (80%) 
Despondent 26 (87%) 26 (87%) 
Preoccupied 17 (57%) 19 (63%) 
Cautious 19 (63%) 20 (67%) 
Regretful 26 (87%) 27 (90%) 
Sceptical 15 (50%) 13 (43%) 
Anticipating 22 (73%) 21 (70%) 
Accusing 19 (63%) 23 (77%) 
Contemplative 23 (77%) 25 (83%) 
Thoughtful 23 (77%) 23 (77%) 
Doubtful 24 (80%) 26 (87%) 
Decisive 27 (90%) 24 (80%) 
Tentative 27 (90%) 26 (87%) 
Friendly 17 (57%) 19 (63%) 
Defiant 27 (90%) 25 (83%) 
Pensive 22 (73%) 22 (73%) 
Interested 25 (83%) 24 (80%) 
Hostile 21 (70%) 23 (77%) 
Flirtatious 19 (63%) 17 (57%) 
Distrustful 11 (37%) 13 (43%) 
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6. DISCUSSION  
 
There are several studies investigating cognitive deficits in AUD patients. Based on the 
prior data that even following longer periods of abstinence there are existing cognitive 
impairments. We intended to investigate the social and neurocognitive status in a specially 
selected AUD population, with quite long term abstinence. We recruited the patients from the 
local AA group, because it was feasible to enrol drug-free patients with longer periods of 
confirmed sobriety. On the other hand, at our psychiatric department we apply the Minnesota 
model in close cooperation with the local AA movement, this connection also contributed to 
our decision for selection. 
In the first part of our investigations we compared the BG and the hippocampal based 
learning processes in AUD following longer periods of sobriety. Applying a single task with 
comparably difficult elements we conclude that on the BG dependent stimulus and stimulus 
associative learning phase patients display no significant underperformance, whereas the 
hippocampus dependent generalization of this knowledge was severely impaired. These 
results raise the possibility basal ganglia related processes are spared, but medial temporal 
lobe functions remain impaired even after intermediate-term abstinence. 
In accordance with previous research, the present findings support that several months of 
sobriety is required for cognitive rehabilitation (Brandt et al. 1983). As it was discussed in the 
introduction, Fein et al. (1990) in their early review tried to divide the cognitive recovery into 
3 stages according to the duration of abstinence: (i) acute detoxification (up to 2 weeks of 
abstinence), (ii) intermediate period (3 months of abstinence) and (iii) long-term abstinence 
(from 2 months to 5 years). They emphasize that even in the long-term phase there are some 
detectable cognitive impairments: especially in abstract reasoning, visuospatial ability, short-
term memory and mental flexibility. Later, Fein et al. (2006) studied a very long-term 
abstinent group (average abstinence time: 6.7 years) and found that spatial processing was 
still impaired. Fortunately, other cognitive functions do heal faster (attention and 
concentration, reaction time, verbal learning, abstract reasoning and verbal short-term 
memory) (Fein et al., 1990).  
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Although the MTL dysfunction in AUD is well known, we have to discuss two further 
questions (Beresford et al. 2006). Firstly, it is necessary to clarify that in our test design 
whether transfer generalization impairment could be a consequence of the dysfunction of the 
prefrontal cortex, and so a part of a wilder executive damage (Bernardin et al. 2014; Pitel et 
al. 2007). One of the limitations of this study is that unfortunately we did not examine the 
higher executive processes. Although we have indirect data showing that these functions are 
independent. Kéri et al. (2005) employed this test in schizophrenia where the prefrontal 
impairment is known. They found correlation between transfer generalization dysfunctions 
and hippocampal dependent declarative verbal memory (California Verbal Learning Test) 
performance but not with the performance on the n-back task (classical working memory test 
estimating prefrontal functions) (Kéri et al. 2005). These results are against the likelihood that 
higher level prefrontal pathology would create the transfer generalization dysfunctions.  
Secondly we should consider the fact that in other studies using similar tasks, they found 
unimpaired transfer performance in different substance use disorders. In contrast to our 
finding, investigations with cocaine (Vadhan et al. 2008), and opiate dependent patients 
(Myers et al. 2017) showed poor performance on BG dependent and intact performance on 
MTL dependent activities (Table 5). 
Table 5. Comparison of our results with other studies in different SUD   
  Acquisition  Transfer 
Cocaine Vadhan et al. 2008 ↓ - 
Opiate Myers et al. 2017 ↓ - 
Alcohol  Mattyassy et al. 2012 - ↓ 
 
We should mention that Myers et al. (2017) applied a recently updated variant of the 
acquired equivalence task. In this version reinforcement and punishment strategies were more 
precisely in focus. One half of the trial types were reward based, and the other half was 
punishment based. That means in case of reward based learning trials, only the correct 
responses triggered feedback (“Correct!”; like in Figure 1) and also gained points (+10 as in a 
token economy system), but incorrect answers received no feedback or points. In case of the 
punishment based learning, inversely only incorrect responses triggered negative feedback 
(“Incorrect!” in red) and loss of points (−10). The total points earnt were presented at the 
bottom of the screen continuously. We should consider that even a slight difference in the test 
design can manipulate the results. However, this cannot fully explain the difference because 
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the result within cocaine population (Vadhan et al. 2008) showed similar pattern as opiate 
dependent patients. 
 We should also mention that in our study a special population was selected to exclude 
the alcohol unrelated influence factors, but obviously they were not representative for the 
general AUD population. Therefore, the BG related functions could be intact in our sample 
because contrary to the aforementioned studies we selected patients with longer sobriety 
periods, and we tried to select populations free of other influencing factors (other drugs, 
medications, psychiatric disorders etc.). In more serious alcohol cases, we could expect 
detectable impairment of associative learning. However, it should be pointed out that in their 
study Virág et al. (2015) found similarly intact BG dependent implicit (sequence) learning in 
more severe AUD patients with short-term abstinence, which support the fact that alcohol 
somehow spares this function. Although it is an interesting question for further investigation 
as to which way alcohol interacts with the brain implicit reward system, if it does not impair 
the BG dependent learning. This raises the possibility that beside some common features 
within addictive disorders, the different substances have different influences over particular 
brain regions. 
Conversely, contrary to opiate and cocaine users, the young, well-functioning patients 
after longer periods of sobriety, without comorbid conditions still exhibited transfer 
generalization impairments. This suggests that this phase of the associative learning test is 
highly sensitive for memory impairments in AUD. The special effect of alcohol on the MTL 
is not a surprise, but it would need further investigation to show why other substances spare 
this region of the brain.  
The most serious limitations of the present study were the small sample size and the fact 
that we used only a single test for the assessment of memory. The selected patient population 
we have used could restrict the universality of our results in AUD, but excluding independent 
factors and selecting patients with longer abstinence period have a huge advantage as well. In 
the future the follow-up prospective studies could increase the power of the research of this 
field.  
If an impairment exists long after discontinuing substance use, it can be interpreted in 
two different ways. First, the impairment could refer to a diathesis for addictions, developed 
before the addiction appeared. In this way we might suppose that damage of the memory 
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generalization process can be a vulnerability factor like novelty and sensation seeking, 
impulsivity, extraversion (Nees et al. 2012; Heinrich et al. 2016; Brumback et al. 2016; Belin 
et al. 2016) and even alterations in brain oscillations (Porjesz and Rangaswamy 2007; 
Rangaswamy and Porjesz 2008). However, the probability of this hypothesis is low for 
addiction disorders in general if we consider the results of other substance disorders. 
Secondly, based on previous data of MTL impairment in AUD and related animal studies 
(Fein et al. 1990, 2006; White et al. 2000; Crews and Nixon 2009; Tokuda et al. 2011, Wilson 
et al. 2017; Liput et al. 2017), we can postulate that toxic effects of alcohol on the human 
brain persist for a long period of time. 
On the other hand, from the therapeutic perspective even if this is a long lasting effect of 
alcohol, it is probably not a predictor of relapse, assuming that memory generalization 
dysfunctions were present together with a reasonably good long-term outcome. 
Future research should focus on the premorbid cognitive trait markers comparing the 
toxic consequences. Also it is essential to develop follow-up studies that investigate the 
gradual effect of abstinence on the rehabilitation of memory generalization and medial 
temporal lobe functions. 
From the social cognitive perspective, we tried to measure the possible deficit using an 
accepted method in a similarly selected AUD population. In contrast to previous expectations, 
our results in patients with alcoholism after longer periods of abstinence demonstrate no 
major impairment in decoding of complex social emotions and complex mental states. Our 
data do not support the conclusion of the recent meta-analysis which emphasizes that social 
cognition functions are damaged in AUD. Furthermore, it questions the presumption that 
disordered social cognition persists for a long period after cessation of alcohol intake. And as 
a hidden consequence this also questioned the fact that ToM dysfunctions may operate as a 
diathesis factor in AUD.  
The main limitation of the present investigation is that only a single ToM test was 
applied. Therefore, it is hard to develop a more general conclusion about the social cognitive 
abilities of patients with alcoholism. The validity and reliability of the test were described in 
earlier publications (Baron-Cohen et al. 2001; Lawrence et al. 2004; Kelemen et al. 2005; 
Shaw et al. 2005). Normative scores of healthy participants on the RMET have been 
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replicated and validated by several studies. Our earlier investigations confirm an acceptable 
reliability of RMET (Cronbach’s alpha = 0.81). 
 
The obtained results contrary to previous findings, and even to our expectations require 
further explanations. According to the previously discussed meta-analysis, they are mostly 
based upon studies with recently detoxified patients (Bora and Zorlu 2017; Donadon and 
Osório 2014; Onuoha et al. 2015). It is not surprising therefore, that immediately after longer 
periods of alcohol consumption, all types of cognitive impairments are present. In 
consideration of this we believe our data do not directly contradict the meta-analysis data of 
the new studies. It is important to treat separately the investigations which include patients 
with longer durations of abstinence.  
Kornreich et al. (2001) used cross-sectional data from patients with alcoholism who were 
abstinent for at least 2 months and found lower emotion decoding accuracy for anger and 
disgust. Later the same group (Foisy et al. 2007) designed a follow-up study in which they 
measured the recognition of the basic emotions at second testing after 3 months of abstinence. 
Correlating the results to their earlier findings they could not detect significant improvement 
during this period. The main difference in this respect when comparing it to our studies is that 
they focused on basic emotions.  
Related to higher ToM processes, there is a growing literature using RMET in addiction. 
In addition, our study, there are only two sources who have investigated long-term abstinence 
as it was detailed in the meta-analysis (Bora and Zorlu 2017; Onuoha et al. 2015). Bora and 
Zorlu (2017) in their review mentioned the PhD thesis of Feyza Ersan which uses the RMET 
task in 29 AUD patients after an average 19 months of abstinence (Ersan F. Comparison in 
terms neurocognitive functions, impulsivity and theory of mind between alcohol dependence, 
diagnosed in adults and healthy volunteers. Maltepe University 2014 (Thesis). 
https://tez.yok.gov.tr/), and found that ToM functions were impaired. The original text is 
available online in Turkish, but luckily this linguistic challenge was solved within our 
research team. In the text they describe that the average was 19.4 months of abstinence, with a 
huge standard deviation (19.4 ± 30.3 (median:3). There was no other characteristic available 
according to the abstinence period in the text. (“En uzun bırakma süresi 24.2 ± 30.5 
(median:11) ay ve testler öncesi ortalama 19.4 ± 30.3 (median:3) ay önce alkol almışlardı. 
Alkolü bıraktıktan en az 1 ay sonar testler uygulanmıştır”, the table of the thesis also 
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describes, that the minimum was 1 month, and the maximum was 120 months). According to 
the available data, this study was not designed for a long-term abstinence population and for 
that reason the only data certainty was that the patients were not consuming alcohol for a 
minimum of 1 month.  A further question is whether the subjects had any concomitant 
psychiatric disorders. They exclude the major psychiatric diagnoses but hidden levels of 
depression were not measured by specific inventories. The study also restricted the 
information available concerning prescription medications being taken by the subjects (they 
were selected from a clinical population); the only criteria specified in respect to medication 
was abstinence of 1 day from benzodiazepine prior to the test being taken. The average of the 
age of the test subjects was also quite high (46.8 years, SD=11.0; min 16, max 65 years old; in 
our sample it was 37.6 years (SD=11.7)). The higher male/female ratio (19 males, 10 female) 
could also affect the result, but it was comparable to our sample ratio (18/12), and can be 
explained by the fact that AUD has a large gender difference in the average population.  In 
their survey they apply a large number of cognitive tasks: in addition to the Reading Mind in 
The Eyes Test, they investigated the Wisconsin Card Sorting Test, Balloon Analogue Risk 
Task, Stop Signal Task, Rey Auditory Verbal Learning Test, Trail Making Test, Visual 
Reproduction Test on the Wechsler Memory Scale-Revised, Digit Symbol Test, Stroop Task, 
Auditory Consonant Trigrams Test, Digit Span Test, Controlled Oral Word Association Test, 
Categorical Verbal Fluency Test. To gain information from different cognitive tests it is 
extremely important to understand the correlations between the different brain networks, but 
statistically it requires a much larger sample size, and can also burden the tolerance of the 
participants, potentially creating a lower level of adherence to the tests. After analysing the 
basic data, we do not consider that this study represents a comparable source to our long-term 
abstinence, high functioning population. 
A further article is considered important from the point of view of longer abstinent period 
and is mentioned in both reviews. This is a research conducted by Gizewski et al. (2013) and 
was designed as a multi-group imaging study comparing the social functions in patients with 
AUD, with schizophrenia, or with both disorders and healthy controls. They applied an 
RMET test adapted specifically for fMRI studies. Even though this study was not focussed on 
the long-term effect of alcohol, the average abstinence period was 1.5 years (± 0.5 years). The 
12 AUD patients who were enrolled in the study were drawn from specialised aftercare units. 
The possible medications of the AUD patients were not detailed, so we may hypothesize they 
were medication free. The patients of the schizophrenia group obviously received their normal 
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prescribed medication. It should be noted that a significant portion of AUD patients had a 
history of depression (n=3) or anxiety (n=2) disorders. Although the abstinence period was 
quite long, they also underwent urine tests to rule out any substance misuse in the previous 6 
months, and the results showed that the percentage of the polysubstance dependence in their 
history was fairly high (5 of the 12).  
Therefore, from one side it is clear that there are limited data available from long-term 
abstinent patients, and most of these data have not been derived from studies that were 
planned to investigate the effect of alcohol cessation, so the predictability error was quite 
significant. We can conclude that further studies that specifically address this question are 
essential to extend our understanding and give greater clarity to this puzzle.  
It is necessary to mention that we should consider the results from our current patient 
sample. It is clear that finding a balanced population for any clinical research is a huge 
challenge. First, we only focused on longer periods of abstinence in order to rule out any 
direct toxic effects of alcohol. Second, we wanted to rule out any concomitant psychiatric 
conditions, and related medications. Therefore, we selected our patients outside of the usual 
clinical setting, and developed a fruitful cooperation with the local AA group. Our sample 
was characterised unintentionally by relatively late-onset addiction (mean age 37.6 years 
(SD=11.7) and duration of the illness 6.2 years (SD= 4.5)). This late-onset may also provide a 
protective factor for cognitive functions either because any vulnerable developmental period 
is over before the onset of the problematic behaviour, or because the personality characteristic 
for the later onset may include intrinsic protective traits (or genes). Classically this hypothesis 
is the foundation of the Cloninger’s Type I, Type II typology in AUD. Consequently, if we try 
to select a proper AUD population excluding any confounding concomitant side factors, we 
might have selected subjects who were quite similar to normal population, and were very 
different from the patients suffering with AUD in clinical settings. 
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7. GENERAL DISCUSSION 
 
7.1. SUMMARY OF THE RESULTS 
 
1. After more than 6 months of abstinence, patients with AUD displayed significant deficits 
in learning quotients when directly compared with the ability to generalize any previously 
learned associations. This suggests that the medial temporal lobe dependent learning 
functions are deeply and persistently impaired, so an even longer period of sobriety is 
needed for regeneration. 
2. Patients with AUD display preserved performed stimulus and stimulus associative 
learning. These results may indicate that although medial temporal lobe functions remain 
impaired, the basal ganglia-related processes are spared. 
3. Using the Eyes Test we could not find ToM deficit in patients, after a longer period of 
abstinence. Patient and healthy control subjects displayed nearly identical performances 
on the Eyes Test. This suggests an intact recognition of social emotions and complex 
mental states in patients with alcoholism after long-term abstinence. 
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7.2 COGNITIVE IMPAIRMENT IN ALCOHOL USE DISORDER 
 
Cognitive psychology has developed a revolutionary perspective in understanding 
neuropsychological, neuropsychiatric conditions. In AUD, discovering the vulnerability 
factors developing this disorder, or participating in relapse could be a huge assistance in 
creating sophisticated treatments. A crucial question to be asked is whether the identified 
cognitive impairment is related to the diathesis of addiction, or it is a consequence of longer 
periods of alcohol misuse? One major approach to help answer this question is to examine the 
persistence of the impairment during abstinence. Unfortunately, if we survey the available 
literature, there is limited available material or results that satisfy this demand. Our data 
supports the possibility that implicit memory, and ToM functions are not candidate trait 
markers, rather the perceived impairments in other studies are related to the toxic effects of 
alcohol consumption. 
It is contrary to the findings in recently detoxified patients and other SUD populations. 
Even pure reason, as it was our pre-study hypothesis, would assume, that implicit, reward 
dependent memory processes, and even more the basic social decoding skills are protective 
factors against addiction disorders. We must consider that Foisy et al.  (2007), in a follow-up 
study, found that those AUD patients who discontinued their treatment early, displayed much 
higher cognitive impairments at baseline. Therefore, selecting a population with higher 
functionality, and longer abstinent duration, we run a high risk of losing those who would be 
the most vulnerable to relapse. 
Additionally, in our study we found that MTL related memory processes are persisting 
long during abstinence. In all probability, this could well be the result of a long lasting toxic 
effect of the alcohol, but we could not exclude the premorbid existence of this. However, the 
importance of this factor in developing addiction, or relapse is questionable, because these 
patients had been able maintain their sobriety for a long period of time.  
Therefore, we can see that no matter how much is it important to take precise information 
from patient with long-term abstinence, it will provide only a piece to a much more complex 
puzzle. Although it has a huge advantage in reducing many perplexing variables, it also 
creates a highly selected population, which may not be representative of the average clinical 
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situation. Thus selecting a suitable group from a scientific perspective, we may exclude the 
most vulnerable patients, and who need the most support in relapse prevention.  
We should also consider that a test where more cognitive ToM abilities are required, or 
even second order ToM functionality requirements, may be more relevant in these 
populations, although recent meta-analysis does support the usage of this test in AUD.  
 
7.3. IMPLICATION FOR TREATMENT OF ALCOHOL USE DISORDER 
 
First of all, we can clearly see, that memory functions related to MTL are persisting long 
after the cessation of alcohol abuse within high functioning patients. So even more 
pronounced impairment can be imagined in more severe conditions. It is important to develop 
either pharmacological treatment strategies (e.g. vitamins, cognitive enhancers) and build this 
into the early phase of therapy. Other possibilities are to develop cognitive remediation 
programs directly relating to these patients.  
In terms of implicit memory, we could not find significant impairment. That means that 
there is a spontaneous, rapid regeneration in this area, at least among the higher functioning 
AUD patients. Although with follow-up studies it would be interesting to investigate if the 
pharmacotherapy applied for explicit memory regeneration can promote this process as well.  
As regards the ToM processes, our results are not supporting the previous findings and 
the prolonged impairment of them in AUD.  Although it is still an important issue, we surmise 
that some kind of social cognitive attenuation in association with interpersonal complications, 
should be important in the development of AUD, any possible relapse, or even in 
discontinuation of treatment (Kornreich et al. 2002; Chung et al. 2001; Litt et al. 2003), so 
implementing social skills training – especially in the more severe conditions – should 
generate an additional healing potential. Today different types of social skills trainings are 
applied in treatment programs developed for addictive patients can enhance the social 
problem-solving ability of our patients (Eriksen et al. 1986; Litt et al. 2003). Although more 
effective and specifically tailored training courses could be developed based on the recent 
research into the relationship between social cognition and interpersonal skills. The results of 
this research would optimistically be the foundations for evolving new interpersonal training 
programs in AUD. 
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In isolation, it is hard not to recognize that the cognitive markers have limited specificity 
to a given psychiatric disorder category. Furthermore, we could imagine, that in the future the 
cognitive profile, or trait dimensions rather than the DSM type diagnostic categories will be 
the basis of the therapies. This is in line with the suggestions outlined in the RDoC system for 
experimental studies even today (Lilienfeld and Treadway 2016; Cuthbert and Kozak 2013). 
This proposes the possibility that within a given category, there might be different 
clusters of patients with specific cognitive patterns. Obviously for these different clusters we 
should develop unique therapeutic strategies, so as to more specifically support individually 
tailored arrangement rehabilitation programs.  
 
7.4. FUTURE DIRECTION 
 
The aims of future studies can be divided into three main areas: (1) Longitudinal follow-
up studies in the field are essential, particularly focusing on the factors important in relapse. 
(2) Prospective studies using physiologically validated methods in high-risk population 
(subjects with high genetic and clinical risk for AUD) also may be a major area in future 
research. (3) Exploring candidate genes that presumably have a role in the development of the 
brain networks being important in these cognitive abnormalities.  
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